Recent case reports of individuals with early-onset damage with those of 54 control children. Analyses were conducted on focal lesion versus controls, RH versus LH lesion, to the prefrontal cortex have suggested that such early frontal versus non-frontal lesion, and seizure versus noninsults could result in severely impaired social behaviour seizure groups. When the effect of IQ was partialled out, in later childhood and adolescence. The investigators there were no significant differences on the nine Behavior speculated that the acquisition of complex social Problem scales, the Internalizing-Externalizing dichoconventions and moral rules had been impaired. In a tomy or the Total Problem score for any of the group large cohort of children, we sought to determine whether comparisons. Our subjects showed no evidence of early focal brain insults might result in clinically clinically significant behavioural or emotional problems, significant behavioural or emotional problems. This study even when the frontal lobe was involved. Individuals with reports on 39 children with pre-or perinatal-onset more extensive and bilateral damage may be at higher unilateral brain damage (focal lesion) from cerebral risk of significant behavioural and emotional dysfunction infarction or intraparenchymal haemorrhage, using the than were those in our study population. In future studies Achenbach Child Behavior Checklist to assess the of brain-behaviour relationships in developing children, presence or absence of behavioural and emotional all potential causes for any observed behavioural difficulties. Two-thirds of the subjects had left hemisphere abnormalities, such as genetic and environmental factors (LH) lesions and one-third had right hemisphere (RH) and toxin exposure, must be considered before concluding lesions. Age range was 4.0-15.4 years at the time of that specific anatomical lesions are causally related to specific behavioural outcomes. questionnaire completion. Their results were compared
Introduction
Numerous studies have demonstrated that normal adults may Anderson et al., 1999) . Adults who suffer right hemisphere (RH) strokes may develop difficulty with comprehension or develop personality changes, social impairments or problems in decision-making and other executive functions following expression of affective cues, both vocally and in facial expression and gesture (Borod, 1992; Heilman et al., 1993 ; focal brain damage, in particular to the frontal lobe, e.g. from a stroke, intracerebral haemorrhage or closed head Ross, 1993) . Some individuals with RH lesions may have a flattened or be indifferent to, their disabilities (Gainotti, 1972; injury (e.g. Stuss and Benson, 1984; Mesulam, 1986; Heilman et al., 1993) . The well-known case of Phineas Gage, a railway Heilman et al., 1978; Ross and Mesulam, 1979; Benowitz et al., 1983) ; others are hypomanic or even manic (Gainotti, worker who developed major personality changes following trauma to his frontal lobes, is a prime example of such an 1972; Robinson and Starkstein, 1990; Borod, 1992) . Adults with left hemisphere (LH) lesions are often depressed (Ross effect of focal brain damage (discussed in Gainotti, 1972) . The type of behavioural change observed frequently correlates and Rush, 1981; Robinson et al., 1984; Robinson et al., 1986; Nelson et al., 1993) . Adults with right or left frontal lobe with the side and site of the lesion (e.g. Sackeim et al., 1982; Damasio and Van Hoesen, 1983; Borod, 1992 Borod, , 1993  damage may display disinhibition, inappropriate affective responses and impaired judgement (Damasio and Van function, whereas subjects without frontal involvement scored more poorly on scales assessing social skills. These results Hoesen, 1983) .
In contrast to lesion effects in adults, less is known about suggested that there was evidence of social skills problems in children and adolescents after early unilateral brain damage, the effects of focal brain damage sustained early in life on behavioural and emotional changes during development than but the location of the lesion did not map on to behavioural profiles described in adults after late-onset stroke. about the effects of such damage in adults. Infants with early RH lesions have been found to have more negative Recent case reports of individuals with early-onset damage to prefrontal cortex brain regions suggest that such early temperaments than normal infants and those with LH lesions (Nass and Koch, 1987; Reilly et al., 1995) . It is more difficult insults may result in severely impaired social behaviour during childhood, with worsening of behaviours in to elicit positive responses from infants with right posterior lesions than from infants with posterior LH or no lesions adolescence (Anderson et al., 1999) . One of the individuals studied had sustained a closed head injury at 15 months of (Reilly et al., 1995) . Older children with pre-or perinatal RH strokes also have a more negative temperament (Nass age, with resulting bilateral frontal lobe damage on MRI.
Her behaviour was severely abnormal from the age of 3 years. and Koch, 1991) and have more difficulty comprehending and expressing emotion vocally than do those with LH lesions Another subject had undergone resection of a large tumour in the right frontal lobe at 3 months of age. Social and and controls (Trauner et al., 1996a) . In several studies, children with neurological findings suggestive of RH behavioural problems were noted by the age of 9 years, although they were present to a milder extent even earlier. dysfunction (such as the presence of left hemiparesis), although not necessarily shown to have definable lesions by
The authors suggested that the acquisition of complex social conventions and moral rules had been impaired by these neuroimaging techniques, have been found to have more social difficulties than normal children (Denckla, 1983;  early-onset, localized brain insults. If this is the case more generally, this observation could have profound implications Weintraub and Mesulam, 1983; Voeller, 1986; Tranel et al., 1987; Goodman and Yude, 1997) .
for the management of children who have suffered early focal brain damage. Children with hemiplegic cerebral palsy have been reported to have an increased incidence of psychiatric problems.
The present study was undertaken to determine whether children with very early unilateral brain injury from pre-or Approximately 50% of hemiplegic children identified through the London Hemiplegia Register were found during perinatal stroke are at high risk of developing social, emotional or behavioural disorders. We used the Achenbach psychiatric interviews to have behavioural or psychiatric problems, including hyperactivity, conduct disorders, Child Behavior Checklist (CBCL) (Achenbach, 1985 (Achenbach, , 1991 , which is a widely used, standardized, empirically based aggression and oppositional behaviours (Goodman and Graham, 1996; Goodman and Yude, 1997) . Longitudinal parental report instrument designed to assess behavioural problems and competencies of children ages 4-18 years. We testing indicated that the psychiatric problems were present early in life (often in the preschool period) and persisted used the parent report form because parents are usually the most knowledgeable about their child's behaviour across time when tests were repeated in the school-age years (Goodman, 1998) . Furthermore, the London hemiplegia study found a and situations (Achenbach, 1991) . A large longitudinal study of children with at least one 'sign of disturbance' on the good correlation between questionnaire results and individual psychiatric assessments of the children, suggesting that a CBCL parent report form found high predictive value for later social, academic, emotional and behaviour problems questionnaire would be likely to identify such problems if they existed. Unfortunately, the ascertainment process for (Stanger et al., 1993) , suggesting that the CBCL is a valid and reliable indicator of clinically significant behavioural this hemiplegia study precluded definite documentation of the lesion site or sites through neuroimaging studies. Rather, dysfunction. the children were identified by the clinical finding of hemiplegia, making it difficult to interpret the findings with respect to the presence of unilateral versus bilateral brain Methods damage or the site of the lesion within the hemisphere (e.g. frontal lobe).
Subjects
Thirty-nine children with pre-or perinatal-onset unilateral In a study of behavioural profiles in children with early focal brain damage (focal lesion) documented by focal brain lesions from cerebral infarction or intraparenchymal haemorrhage and 54 control subjects neuroimaging studies, using the Personality Inventory for Children, Trauner and colleagues found that the focal lesion participated in the study. Thirty of the focal lesion children were identified from clinical referrals from a wide geographic group, regardless of the side of the lesion, tended to have more abnormal scores on scales assessing cognitive function, region, including all of San Diego County and parts of Imperial and Orange Counties in Southern California. Nine adjustment and social skills (Trauner et al., 1996b) . When the presence or absence of frontal lobe involvement was were similarly identified in the New York metropolitan area. The presence of unilateral brain damage was typically taken into consideration, the children with frontal involvement had more abnormal scores on scales evaluating cognitive recognized either in the newborn period, as a consequence of a neuroimaging procedure performed because of seizures, Externalizing dichotomy and one Total Problem score are derived. Results are expressed as T-scores, scores above 70 poor feeding, hypotonia or similar neonatal problems, or later in the first year of life, when the parents noted that the indicating clinically significant problems and scores of 67-70 representing a 'borderline clinical' range. Each item is infant was only using one hand to reach for toys, or a similar asymmetry of arm or leg use. Every child had the lesion scored on a response scale of 0-2, where 0 ϭ not true, 1 ϭ somewhat or sometimes true and 2 ϭ very true or often documented by either CT or MRI of the brain. Each child was identified as either having a history of clinical seizures true. The responses are based on current observations or behaviours observed within 2 months prior to the completion beyond the neonatal period or not having seizures, on the basis of a medical history questionnaire completed by a of the questionnaire. Each child also received a test to assess global cognitive parent and by personal interview of the parent when possible. Children were excluded from the study if they had bilateral functioning. The Wechsler Preschool and Primary Scale of Intelligence-Revised (WPPSI-R) (Wechsler, 1989 ) was or multifocal lesions, if the lesion was the result of closed head injury, bacterial meningitis or another condition believed administered to children ages 4-5 years and the Wechsler Intelligence Scale for Children-Revised (WISC-R) (Wechsler, to cause more widespread brain damage, or if there was a history of intrauterine drug exposure. Twenty-five subjects 1974) was used for children between the ages of 6 and 16 years. Because this study was part of a larger, longitudinal had LH lesions and 14 had RH lesions. Eighteen had lesions that involved the frontal lobe (12 LH and six RH). Age range study of language and learning in infants and children, the WISC-R rather than the WISC-III was used throughout for was 4.0-15.4 years at the time of questionnaire completion. There were 23 males and 16 females in the focal lesion group.
continuity. Differences between focal lesion and control groups, left Control subjects (age range 4.0-18.1 years) were identified from a large number of sources, including general paediatric and right hemisphere groups, frontal and non-frontal lesion groups, and seizure and non-seizure groups were analysed clinics, advertisements in parent magazines and at local fairs, radio advertisements, and through contacts with preschools using an analysis of variance framework. The nine Behavior Problem scales and the Internalizing-Externalizing and elementary and high schools. All control children had normal neurodevelopmental histories and were at an dichotomy were analysed separately using MANOVA (multivariate analysis of variance) or MANCOVA appropriate grade level for their chronological age. Potential controls were excluded if there was a history of developmental (multivariate analysis of covariance), and the Total Problem score was analysed using ANOVA (analysis of variance) or delay or a condition that might have caused brain damage, such as severe closed head injury, hypoxic-ischaemic ANCOVA (analysis of covariance). For all analyses, age and IQ were evaluated as covariates and, if significant, were encephalopathy or meningitis. There were 23 males and 31 females in the control group. Focal lesion and control children included in the model. Because the statistical analyses do not fully account for were group-matched for age and socioeconomic status.
Informed consent was obtained prior to conducting the the score distributions, qualitative descriptions of the data were also included. studies in accordance with UCSD Institutional Review Board procedures and guidelines.
Nine controls (eight females, one male) and 12 focal lesion children (five females, seven males) had at least two CBCL questionnaires completed; the interval between the first and second questionnaires was 4.2 years for the controls and
Lesion specification
Lesions were classified according to the side of the lesion 3.5 years for the focal lesion group. This enabled longitudinal analyses, using dependent t tests, to be conducted. Only the and the lobe(s) involved. In addition, the size of the lesion was rated on a five-point scale adapted from Vargha-Khadem Social Problem scale and the Total Problems score were analysed in the longitudinal group, as these were deemed a and colleagues (Vargha-Khadem et al., 1985) , in which 1 ϭ minimal ventricular dilatation or atrophy; 2 ϭ moderate priori to be of most interest in determining whether there would be problems as the children grew older. ventricular dilatation or atrophy; 3 ϭ small focal porencephaly (involving only one lobe); 4 ϭ focal porencephaly involving one lobe but seen in more than three cuts on CT or MRI; 5 ϭ large porencephaly involving multiple lobes.
Results
Lesion characteristics are outlined in Table 1 . For all analyses, age and IQ were assessed as covariates. Age was consistently not a legitimate covariate, whereas IQ was consistently a
Measures
The CBCL (Achenbach, 1991) was administered to the legitimate covariate. The mean Full-Scale IQ (FSIQ) was 93.4 Ϯ 22 for the focal lesion group and 116.2 Ϯ 13 for the parents of the focal lesion and control children participating in the study, to assess the presence or absence of behavioural control group (P Ͻ 0.0001). There were no significant differences in mean socioeconomic status between the focal and emotional difficulties. The CBCL is a 113-item checklist completed by parents of children ages 4-18 years. From lesion and control groups. When IQ was used as a covariate, there was no difference these items, nine Behavior Problem scales, an Internalizing- *M ϭ male; F ϭ female. † L ϭ left; R ϭ right. ‡ Lesions were rated on a scale of 1-5, 5 representing the largest lesion (see Methods). § F ϭ frontal lobe; T ϭ temporal lobe; P ϭ parietal lobe; O ϭ occipital lobe; BG ϭ basal ganglia.
between the focal lesion and control groups on the Syndrome Externalizing dichotomy or the Total Problem score, and all mean T-scores were in the normal range (Fig. 1) . scales, on the Internalizing-Externalizing scales or on the Total Problem score. Moreover, all mean T-scores were
The focal lesion group was divided, on the basis of CT or MRI scan analyses, into those with frontal lobe involvement within the normal range (Fig. 1) . When IQ was not used as a covariate, significant differences were found between the (regardless of the side of the lesion) (n ϭ 18) and those without frontal lobe involvement (n ϭ 21). Whether or not two groups on the Behavior Problem scales of Social Problems, Thought Problems and Attention Problems; on the IQ was used as a covariate, there were no significant differences in mean T-scores on the Syndrome scales, on Internalizing scale; and on the Total Problem score. Again, all mean T-scores were still well within the normal range for the Internalizing-Externalizing dichotomy or on the Total Problem score, and all mean T-scores were in the normal both the focal lesion and control groups.
When the focal lesion group was analysed by side of the range for both groups. Within the focal lesion group, subjects were divided into lesion, whether or not IQ was used as a covariate (mean LH FSIQ ϭ 90.1 Ϯ 22, mean RH FSIQ ϭ 97.4 Ϯ 22), there those with a history of seizures (after the neonatal period) (n ϭ 17) and those without a history of seizures (n ϭ 17). were no significant differences between the LH and RH groups on the Syndrome scales, the InternalizingSeizure history was unknown for five subjects. There were no significant differences between the seizure and nonin mean scores for the Total Problem score between the first and second administrations (47.5 Ϯ 11.4 versus 51.4 Ϯ 12.7). seizure groups in mean T-scores on the Syndrome scales, the Internalizing-Externalizing dichotomy or the Total Problem However, there was a significantly higher mean score on the Social Problems scale on the second administration of the score, whether or not IQ was used as a covariate.
Within the control group, one of 54 subjects (2%) had a CBCL for the focal lesion children (54.6 Ϯ 4.3 and 59.2 Ϯ 9.0 for the first and second administrations, respectively; P ϭ Total Problem score within the clinically significant range (T ϭ 74). Four children in the control group (7%) had scores 0.041). Two children in the focal lesion group (5%) had Tscores of ജ70. These scores were elevated on the second of ജ70 on one or more of the Behavior Problem scales. In the focal lesion group, three of 39 children (8%) had a Total administration only, when the children were 11 and 10 years old. Both had LH lesions, one in the parietal lobe and one Problem score of ജ70. All three had left hemisphere lesions and in each case the lesion did not involve the frontal lobe involving both temporal and parietal lobes. Neither of these subjects had a history of seizures. (one was temporal, one parietal and one temporo-occipital). Twelve of 39 focal lesion children (31%) had a score of ജ70 or higher on one or more of the Behavior Problem scales. Nine of the 12 had left hemisphere lesions. Of these, four
Discussion
We found no evidence of consistent, clinically significant involved the frontal lobe. There were no consistent patterns of elevated T-scores (i.e. ജ70) in the control group. In the behavioural or emotional problems using the CBCL parent report form to evaluate behaviour in a large group of children focal lesion group, scores on the Social Problems scale were elevated in seven children (three children with RH lesions and adolescents who had suffered pre-or perinatal focal brain damage. There were no significant group differences and four with LH lesions; two of the children had frontal lobe lesions). Scores on the Attention Problems scale were in behaviour related to the side of the lesion (LH or RH), to the involvement of the frontal lobe in the lesion or to the elevated in five children (one with an RH lesion and four with LH lesions; four of the five had frontal lobe presence or absence of seizures. Furthermore, there was no systematic effect of age on T-scores; e.g. we found no involvement). Other elevated scores were fairly equally distributed among the remaining Problem scales.
evidence of increasing behavioural problems with increasing age. Because the mean IQs were different in the control and focal lesion groups, we covaried for IQ and subsequently found no differences in mean T-scores between focal lesion
Longitudinal analyses
For the control group, there were no significant differences and control groups. Because covariance analysis may be seen as somewhat artificial (i.e. the child is a unitary whole who in mean scores for either the Total Problem score (46.0 Ϯ 10.1 and 38.9 Ϯ 13.4 for the first and second administrations, does not function apart from his or her IQ), we also believed it to be of theoretical importance to perform the statistical respectively) or the Social Problems scale (53.4 Ϯ 5.9 and 50.7 Ϯ 2.0) between the first and second questionnaires. For analyses without covarying for IQ. When IQ was not taken into account, there were significant CBCL differences the focal lesion group, there were no significant differences between the focal lesion and control groups. Our analyses histories of verbal and physical abusiveness and intermittent, explosive episodes of anger. The subjects in these reports indicate that the T-score differences between the focal lesion and control groups were due largely to IQ differences rather had involvement of the orbital or mesial prefrontal cortex, and the authors suggested that the involvement of these than to true social and behavioural differences. Moreover, the T-scores were all within the non-clinical range for both particular regions within the frontal cortex, particularly in the RH, were more likely to be associated with significant control and focal lesion groups.
Although there were no significant differences in mean Tsocial and emotional sequelae than lesions involving other areas of the brain. The lesion locations in our subjects were scores between the focal lesion and control groups in covariance analyses, qualitatively there were more children varied, and because the lesion location was determined from a clinical neuroradiological reading of the scans, it was not in the focal lesion group than in the control group who had T-scores within the clinically significant (abnormal) range on possible to determine in every case whether these specific areas of the frontal lobe were involved. One of the reasons both the Total Problem score and one or more of the Behavior Problem scales. Most of the abnormal scores were on the for the possible discrepancy between our findings and those of the earlier reports cited above may be the difference in Social Problems and Attention Problems scales. There was no consistent pattern of site of the lesion within the the site of the lesion within the frontal lobe in our subjects as opposed to the lesion locations identified in the previous hemisphere and the presence of elevated T-scores, although there appeared to be over-representation of LH lesions with studies. The causes of brain damage differed between the subjects in the previous reports and our subjects. Most had scores in the clinical range. It is apparent that there may be individuals within the focal lesion group who may develop a closed head injury with bilateral frontal lobe damage, whereas all of our subjects had suffered only unilateral behavioural or emotional problems, but this does not appear to be a consistent feature in our subjects. In an earlier damage from strokes or haemorrhages. It is evident from our study that one must be careful to evaluate the cause of the study from this laboratory (Trauner et al., 1996b) using the Personality Inventory for Children (Wirt et al., 1984) in a lesion, as well as the definition of 'focal', when examining the potential cognitive and behavioural consequences of early different group of children with early focal brain damage, we found a higher incidence of social problems in children brain damage. The presence of bilateral brain damage, for example, may have very different implications for cognitive with posterior lesions than in controls, whereas children with anterior lesions had a higher incidence of academic and behavioural outcome from that of unilateral damage. The timing of the insult may be a crucial factor in determining difficulties. IQ was not taken into account in the analyses in the earlier study, and certainly could account for the reported outcome as well. In most of the case reports cited above, the subjects had postnatal onset of their brain injury, whereas academic and social differences. Despite the disparity between the two studies, the earlier report also found no our subjects all had pre-or perinatal onset. We postulate that the brain is more likely to achieve significant reorganization, evidence of social or behavioural difficulties in association with frontal lobe lesions.
resulting in a lower likelihood of significant clinical dysfunction, when the injury takes place very early in brain In the past decade, there has been an increasing body of literature linking frontal lobe damage in early childhood with development. The reports from the London hemiplegia study of early later social, emotional and personality disorders. Price and colleagues described two adults who had severely aberrant psychiatric disorders in children with hemiplegic cerebral palsy (Goodman and Graham, 1996 ; Goodman and Yude, behaviour and had suffered bilateral prefrontal damage early in life (Price et al., 1990) . Neuropsychological testing in 1997; Goodman, 1998) would appear to be at odds with the findings of the present study as well. The difference in these patients suggested that social and moral development was arrested at an immature stage. Deficits were found in ascertainment of the study populations may be a major factor. The hemiplegia studies used children clinically identified as the areas of insight, social judgement, empathy and complex reasoning. A case study of a woman who had acquired frontal having a hemiplegia, without verification of the side or sites of lesions in the brain that might have led to the motor lobe damage at age 7 years reported deficits in social development and behaviour, with limited empathy, impaired deficits. It is possible that some of these children may have had more diffuse or bilateral lesions, with the primary motor moral reasoning and defects in self-regulation of emotion and affect (Eslinger et al., 1992; Grattan and Eslinger, 1992) . manifestation of hemiplegia. The subjects who participated in the current study were identified on the basis of the medical Anderson and colleagues presented case studies of two individuals who had sustained early, localized brain damage history and a neuroimaging procedure that documented a single, unilateral brain lesion acquired in the pre-or perinatal involving the frontal lobes (Anderson et al., 1999) . Both exhibited early evidence of severe social, emotional and period. Children with bilateral lesions, slowly evolving lesions such as tumours or arteriovenous malformations, and lesions behavioural problems, even before adolescence. The behavioural disorders became even more severe as they acquired through closed head trauma were specifically excluded because these lesions may have produced more reached adolescence. Davidson and colleagues reviewed data from two individuals who had suffered early damage to the widespread brain damage. When the early lesion was confined to one hemisphere, we could find no evidence of widespread, frontal area (Davidson et al., 2000) . Both of the subjects had clinically significant behavioural or emotional disturbances.
Parents of these children are very concerned about all aspects of their child's development, and would like information Another potential explanation for the discrepancy between our findings and those of Goodman (Goodman, 1998 ) is the about potential areas of problems. If behaviour problems are likely, early interventions could be instituted to modify or choice of measures. In the hemiplegia studies, the investigators used both questionnaire data and direct improve the long-term prognosis. Finally, studies of behaviour after early-acquired unilateral brain lesions, in comparison psychiatric interviews, whereas we used questionnaire data only. The hemiplegia studies found a good correlation with the behaviour of individuals after later-acquired or bilateral lesions, can inform about the developing brain's between questionnaire results and the findings of direct patient interviews, however, suggesting that questionnaires potential for reorganization and provide inferences about the degree of plasticity, and limitations thereof, in the developing are valid indicators of behavioural dysfunction. Other investigators (e.g. Stanger et al., 1993) have also found human nervous system. Given the disparity in findings between our studies and good correlations between questionnaire results and those of clinical interviews. We therefore believe that the CBCL data those of others using different methods of ascertainment and different definitions of focal lesions, it will be very important obtained on our focal lesion subjects represent a valid indicator of behavioural function.
in future studies of the brain-behaviour relationships in the developing human nervous system to consider all potential In our smaller longitudinal sample, there was a small but significant increase on the Social Problems scale for the focal causes for any observed behavioural abnormalities, such as genetic and environmental factors, toxin exposure, the cause lesion group, but not for controls, over time, suggesting the possibility that some of the children in the focal lesion group and extent of the lesion and the method of lesion localization, before concluding that specific anatomical lesions are causally may be at risk of social problems as they get older. All of the mean T-scores were well within the normal range, related to specific behavioural outcomes. however, and did not reflect any indication of clinically significant problems. Because our focal lesion group was relatively young (mean age 8.7 years), it is still possible that
